During the AeroRadCity-2018 spring aerosol experiment at the Moscow State University Meteorological Observatory the aerosol properties of the atmosphere and radiative aerosol effects were analyzed using a wide complex of measurements and model COSMO-ART simulations over Moscow domain. The program of measurements consisted of columnar aerosol AERONET retrievals, surface PM10, black carbon (BC) and aerosol gas precursors mass concentrations, as well as radiative measurements under various meteorological conditions. We obtained a positive statistically significant dependence of total and fine aerosol optical depth (AOD) mode (R 2~0 .4) with PM concentrations. This dependence has revealed a pronounced bifurcation point around PM10=0.04 mgm -3 . The modelled BC concentration is in agreement with the observations and has a pronounced correlation with PM, but not with the AODs. The analysis of radiative effects of aerosol has revealed up to 30% loss for UV irradiance and 15% -for shortwave irradiance at high AOD in Moscow. Much intensive radiation attenuation is observed in the afternoon when remote pollution sources may affect solar fluxes at elevated boundary layer conditions. Negative (cooling) radiative forcing effect at the top of the atmosphere from -18 Wm -2 to -4 Wm -2 has been evaluated. Mean difference in visible AOD between urban and background conditions in Moscow and Zvenigorod was about 0.01 according to measurements and model simulations, while in some days the difference may increase up to 0.05. The generation of urban aerosol was shown to be more favorable in conditions with low intensity of pollutant dispersion, when mean deltaAOD550 was doubled from 0.01 to 0.02.
INTRODUCTION
Atmospheric aerosol has a complex effect on the biosphere. It significantly affects the properties of the atmosphere, providing the uncertainty of climate change and directly affects human health increasing premature mortality and reduction of life (IPCC 2013; http://www.who.int/mediacentre/ factsheets/fs313/en/). Depending on its optical and microphysical properties due to the processes of absorption and scattering of solar radiation, as well as through direct interaction with the cloud elements, the aerosol has different effects on temperature and humidity conditions of the atmosphere, thus determining the quality of the weather forecast and influencing regional climate. All these processes are exacerbated in the urban environment, where aerosol concentrations significantly increased and their optical properties changed dramatically. However, the estimates of the aerosol effects have large uncertainty, especially in the urban environment (Tegen et al. 1997; IPCC 2013) . One of the most important components of an urban aerosol is black carbon (BC), a short-lived climate tracer, which stands on the second place in contributing atmospheric warming after carbon dioxide (IPCC 2013) . Due to its properties BC significantly absorbs visible irradiance thus significantly affecting net shortwave radiation. Detailed studies of BC were carried out in IAP RAS (Kopeikin 1998; Golitsyn et al. 2015) , in Western Siberia (Kozlov et al. 2016 ). There are several approaches (see, for example, Kozlov et al. 2008) , in which BC measurements are used for retrieving aerosol single scattering albedo, which is one of the important aerosol parameters for radiative transfer (RT) modelling.
Different
chemical, photochemical and meteorological processes play an important role in the urban aerosol formation affecting total columnar aerosol and, hence, further influencing the radiative and meteorological characteristics (Vogel et al. 2009 . However, there are still gaps in understanding the reasons of various types of relationships between ground-based and columnar aerosol content. In addition, urban aerosol can change the absorbing properties of the atmosphere of large megacities (see for, example, Chubarova et al, 2011b) . For studying these effects mesoscale atmospheric models with good temporal and spatial resolution can be used. One of them is the COSMO (COnsortium for Small-scale MOdelling) mesoscale model (http://www.cosmo-model.org/), which is currently an operational weather prediction model at the Hydrometeorological Centre of Russia. The ART (Aerosols and Reactive Trace gases) chemical model as a part of COSMO model (Vogel et al. 2010 ) allows a user to simulate the formation of secondary aerosol and gives the opportunity to quantify the rate of formation of new particles in the polluted urban atmosphere under different atmospheric conditions. For understanding the physical processes of generating different aerosol types and their effects on solar irradiance, an intensive measurement campaign (AeroRadCity) has been carried out in spring 2018 at the Meteorological Observatory (MO), of Moscow State University. The AeroRadCity-2018 experiment included both experimental and model aerosol and radiation studies for better understanding the role of a large megacity in generating urban aerosol and evaluating its effects on solar irradiance.
In this paper we focus on the following tasks:
• Identification of the relationship between meteorological conditions with an additional characterization of the intensity of the particle dispersion (IPD) and different aerosol characteristics for quantifying the relation between surface and columnar aerosol loading.
• Evaluation of the aerosol radiative effects in different spectral regions.
• Assessment of the urban component of aerosol.
We analyze spring conditions since within a relatively short period we could test all situations typical both for cold and warm seasons including important biomass burning episodes for studying a wide variety of different aerosol properties and their effects on solar radiation.
MATERIALS AND METHODS

The
AeroRadCity-2018 experiment observational campaign included a large complex of measurements of different surface and columnar aerosol properties, aerosol gas precursors, as well as radiative and meteorological parameters at the Meteorological Observatory of Moscow State University (MO MSU), (55.707°N, 37.522°E, http://momsu.ru/english.html), which is located at the territory of the MSU Botanical Garden in the area of Vorobyovy Gory (Vorobyovy hills) far from local emission sources. MO MSU is qualified as an urban background site (Chubarova et al. 2014 ). The complex of aerosol measurements consisted of columnar aerosol characteristics from sun/sky CIMEL photometer installed at the MO MSU roof as a part of the AERONET program (Holben et al. 1998; Chubarova et al. 2011a ). The AERONET aerosol retrievals included aerosol optical depth (AOD) within the spectral range from 340 nm to 1020 nm, Angstrom exponent, fine and coarse aerosol AOD modes at 500nm according to the retrieval method described in (O'Neill et al. 2001) , single scattering albedo (SSA) and aerosol factor of asymmetry (ASYM) according to Dubovik and King (2000) . The measurements of columnar aerosol characteristics were made in clear solar disk conditions using the additional cloudscreening filter described in (Chubarova et al. 2016) . The data from the latest version 3 with final instrument calibration (level 2) were used for Moscow, and the data from version 3 at level 1.5-for Zvenigorod site, since no final data calibration is still available there. However, according to the experience, the correction usually does not exceed 0.01 AOD in a visible spectral region.
Setup of instruments for real-time equivalent black carbon mass concentration measurements and PM sampling was also installed at the MO MSU roof. Aerosol equivalent BC concentrations (marked as BC) were measured using the portable aethalometer developed by the MSU/CAO group (Popovicheva et al. 2019) . In this instrument, the light attenuation caused by the particles depositing on a quartz fiber was measured at three wavelengths (450, 550, and 650 nm) . BC concentrations were determined by converting the timeresolved light attenuation to BC mass concentration at 650 nm and characterized by a specific mean mass attenuation coefficient as described in (Popovicheva et al. 2017) . The calibration parameter for the BC mass quantification was derived during parallel long-term measurements against an AE33 aethalometer (Magee Scientific) that operates at the same three wavelengths.
PM mass concentration with the diameter of aerosol particles smaller than 10 µm (PM10) and aerosol gas precursors were measured at the automatic station for air pollution monitoring with 20-minute resolution operated by the "Mosecomonitoring" State Environmental Protection Agency at the MO MSU. In particular, for the PM10 measurements, the TEOM 1400a instrument (Thermo Environmental Instruments Inc./ USA) has been applied. The description of other instrumentation can be found at the Mosecomonitoring site (http://mosecom. ru).
Standard meteorological observations (temperature, relative humidity, pressure, precipitation, wind speed, and wind direction) were taken from the automated Vaisala weather station with 1-minute resolution.
Radiative measurements included global shortwave irradiance (less 4 µm) and ultraviolet (UV) irradiance over 300-380nm spectral interval. Global shortwave irradiance (Q) was obtained as a sum of horizontal direct (by the M-3 actinometer) and diffuse (by the M-10 pyranometer with a shadow ring) radiation components, that provided the best Q estimates. The measurements of UV irradiance were fulfilled by the UV-A-T Kipp&Zonen pyranometer calibrated for measuring global UV radiation over the 300-380nm spectral range (Q380) during the Second International UV Filter Radiometer Calibration Campaign UVC-II GAW regional UV calibration center at 117 GES 04|2019 PMOD/WRC in Davos, Switzerland (http:// projects.pmodwrc.ch/bb2017/project.php). All data were collected in the database with 1-hour resolution. In some cases, we also analyzed instantaneous aerosol measurements. Figure 1 presents a view of the main instrumentation used in the experiment and the picture of MO MSU location.
During the period of the experimental studies the modelling of aerosol was carried out with the help of the COSMO-ART (Vogel et al. 2010; Vil'fand et al. 2017 ) model with a 7 km grid. The COSMO-ART model simulates chemical transformations of gaseous substances, taking into account for the aerosol chemistry. Chemical processes in the atmosphere are represented by 172 reactions. COSMO-Ru7 was used as initial and boundary conditions for meteorological simulations. The data from Global Land Cover 2000 project were used as land use input parameters. The TNO (Netherlands Organization for Applied Scientific Research) inventory data were utilized to specify anthropogenic emissions of polluting substances. We fulfilled the numerical experiments with different TNO emissions for 2010 and for the 2003-2007 inventory periods. Their spatial distribution for the aerosol gas-precursors emissions for April and May is shown in Fig. 2 . It is clearly seen that the latest TNO2010 inventory data are much smaller than the old one. The main experiments in this study were fulfilled with the new TNO2010 emissions. However, some tests were also made with the old 2003-2007 TNO. We should note that only urban aerosol component was significant among other modelling aerosol components. Hence, in our estimations, the simulated aerosol can be attributed as an urban aerosol. The 24-48-hour COSMO-ART model forecast was analyzed to have enough time for aerosol generation. Mainly we studied surface BC concentration, PM2.5 and AOD550 as well as the important aerosol gas precursors.
RESULTS
The description of weather and optical conditions during the experiment
The AeroRadCity-2018 experiment covered the period from April 1 st to 31 th of May 2018. During this period monthly mean air temperature was about 8.4 0 C in April and 16.7 0 C -in May, relative humidity comprised 54% and 51%, and precipitation -34 and 45 mm, respectively. Their comparisons showed higher air temperature (+2-3 0 C), and lower level of relative humidity (10%) and precipitation (7-10 mm) than climatological values over the 1954-2013 period (Chubarova et al. 2014) . Table 1 presents the statistics on the main gaseous and aerosol parameters in the atmosphere of Moscow during the experiment. One can see that AOD at 500 nm (AOD500) was 0.07-0.09 lower than typical AOD for Moscow for these months, while the PM10 concentrations (0.025 mgm -3 ) were similar to climatological values (0.022 mgm -3 ) during spring (Chubarova et al. 2014 ). On average, in Moscow, PM10 was found to be around 0.035 mgm -3 that is comparable with their level at European megacities (around 0.020-0.030 mg/m³) and lower than in Asian megacities (0.05-0.1 mg/m³) (Climate of Moscow.., 2017; (Koepke et al. 1997 ). However, in ) the Moscow BC concentration was found to be 3 times higher over the highways and central polluted area of Moscow. According to , by the end of 20 century the BC concentration reached 7 mkgm -3 in the polluted urban areas. The average 5% BC/ PM10 ratio obtained during the experiment was at the upper limit, which typically was smaller than 5%. Its ratio is higher (around 12%) in South America, parts of Africa, Europe, South East Asia, and Oceania due to anthropogenic influence, associated in some cases with biomass burning (IPCC 2007). On average, we can summarize that the analyzed period was characterized by lower total AOD and typical for urban background conditions levels of the surface BC and PM concentrations. The detailed analysis of BC in Moscow for spring conditions 2018 can be found in (Popovicheva et al. 2020) . In order to resolve the effects of aerosol advection and urban aerosol formation processes, the entire period of the AeroRadCity experiment was divided into 12 synoptic sub-periods with quasihomogeneous atmospheric circulation and meteorological conditions with similar air mass advection according to the detailed analysis of synoptic conditions and 24-hour backward trajectories analysis. Since the concentrations of aerosol and gas composition of the atmosphere were also largely determined by the turbulent conditions in the boundary layer, in addition, the integral quantitative parameter of the intensity of the particle dispersion (IPD) was used in the analysis. The method of its calculation is described in (Kuznetsova et al. 2014 ). The intensity of air dispersion is classified from 1 to 3 using a number of characteristics including wind speed over 925-850 hPa layer (approximately 1-1.5 km), the type of atmospheric circulation, stratification of the atmosphere and precipitation conditions. For example, when the IPD=1, the atmospheric conditions are characterized by low wind speed, stable stratification, the absence of precipitation, that provides favorable conditions for the pollution accumulation. On contrary, high values of IPD=3 refers to unstable temperature stratification, high wind speed and possible intense precipitation in the zone of the atmospheric front, providing the atmosphere cleaning. Fig. 3 presents the average values of several columnar and ground-based aerosol characteristics as well as the IPD indices for the 12 sub-periods during the experiment.
One can see that the average IPD index is higher than 2 for all sub-periods, that indicates a rather rare frequency of unfavorable meteorological conditions. However, during the two periods --April 11-16 and May 13-17 we observed statistically significant smaller IPD values due to the prevalence of conditions with stable stratifications and low wind speed in the boundary layer at the elevated atmospheric pressure. One can see that during these periods we have elevated levels of both surface and columnar aerosol including BC component. Note, that during the period with low IPD index the coarse/total aerosol ratio is getting smaller possibly due to the favorable processes of additional accumulation of fine aerosol mode in urban conditions (see Fig. 3 ). However, during the April 30-May 5 sub-period elevated aerosol values occurred in conditions with a high intensity of particle dispersion. This happened due to air advection from the South-West with elevated levels of aerosol and biomass burning aerosol loading from agricultural fires during the May 1 st holiday period. 
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The relationship between different aerosol and gas aerosol precursors
The dependence of columnar AOD500 on PM 10 and BC values for different classes of the intensity of pollutant dispersion is shown in Fig. 4 . One can see that for the dependence of AOD500 versus PM10 ( Fig.  4 A, B , C) the two types of relationships with a bifurcation point around PM10=0.04 mgm -3 are observed. At high surface PM10 concentrations usually there is an increase in AOD500, but in conditions with IPD=1, low AOD500 can be also observed. This happens due to the conditions of very stable stratification of the atmosphere with accumulation of urban secondary generated aerosol particles near the surface. That means that in such conditions if we analyze the climate effects, even the effective generation of aerosol near the surface will not play any role for radiation and, hence, temperature changes. However, when the AOD500 growth is observed due to the process of the advection from the regions with elevated columnar aerosol loading the stable stratification (i.e. low IPD index=1) does not play a vital role. On average, we have a statistically significant dependence of AOD500 changes on PM10 for total and fine AOD500 mode (R 2 =0.4 in both cases), while no dependence is obtained for coarse mode aerosol (Fig. 4C) , since the coarse mode is mainly located near the surface due to larger mass of the particles.
There is no statistically significant AOD dependence on BC concentrations. However, we can see some small subvisible bifurcation point for total AOD500 at BC=1.5 mkgm -3 . Since the size of the BC sample is not large and is smaller than for other components, the studies should be continued before making conclusions.
In order to understand the efficiency of PM 10 generation, we made comparisons of surface BC dependencies on PM concentration. The increase in PM10 due to BC was obtained according to both the model and experimental datasets ( Fig. 5 A, D) . There is also a high correlation between modelled BC and SO 2 concentrations (Fig. 5E ). However, according to the measurements, the real SO2 concentrations are much lower and no dependence is seen (see Fig. 5B ). This difference can be explained by the overestimation of TNO SO 2 emissions in Moscow. The main source of SO 2 is coal fuel in power plants which is not usually used in Moscow. A high correlation between BC and NO 2 concentrations obtained both in model and experiment demonstrated similar sources of emissions from diesel fuel in motor vehicle transport ( Fig. 5 C, F) .
Radiative effects of aerosol
In order to reveal the sensitivity of solar irradiance to aerosol, we analyzed the dependence of ultraviolet and global shortwave irradiance on aerosol optical thickness for clear sky conditions. To exclude the solar angle dependence and to evaluate the aerosol effects, radiation was normalized on the corresponding values in the molecular atmosphere. We added the analysis for the UV spectral region 300-380 nm with the effective wavelength at 345 nm, since it is more sensitive to the effects of aerosol and urban gas absorption and at this wavelength, is not practically sensitive to ozone. However, we made the account GEOGRAPHY, ENVIRONMENT, SUSTAINABILITY 04 ( for ozone for UV irradiance according to OMI satellite dataset, which is of few percents, and to water vapor content for shortwave irradiance according to the standard AERONET retrievals. Figure 6 presents the dependence of normalized global shortwave and UV irradiance Qaer/Qmol, % on AOD according to observations and simulations using radiative transfer (RT) DISORT model with different single scattering albedo (SSA).
One can see a pronounced dependence with up to 30% loss for UV irradiance and 15% for shortwave irradiance. However, this strong attenuation, especially for UV irradiance, was not reproduced by the RT modelling. When dividing the dataset into morning (before 13:00) and daytime (after 13:00) samples, all low observed values were found in the daytime sample. This result may be due to the fact that the MO MSU is a fairly "clean" site located far from the sources of local pollutant emissions, which are mainly observed at highways and near local points of pollution. In the morning, convective mixing is very weak, so the pollutants are near the earth's surface and do not affect irradiance, while in the afternoon the convection increases and the polluted air with stronger absorption reaches higher levels affecting even urban background sites. We should mention that AERONET data provide all aerosol properties for visible and near infrared range but no retrievals on single scattering albedo are available for UV spectral region, where these effects are most strong. In addition to black carbon, there can be other types of urban aerosol, i.e., organic carbon aerosols, which have effective absorption in UV (Kirchstetter et al. 2004; Kazadzis et al. 2012) . For example, during forest fires in 2010, we have a dramatic decrease in UV irradiance due to high emissions of organic aerosol matter (Chubarova et al. 2012 ). In addition, we examined the dependence of the SSA retrievals in a visible part of the spectrum on the BC/PM ratio according to our observations. However, due to lack of statistics we were not able to find any dependence, which had been obtained in the previous work (Kozlov et al. 2008) .
For different sub-periods, where clear sky conditions were observed, we evaluated The UV model values were simulated taking into account for the ozone using the OMI satellite data. For shortwave irradiance we accounted for the same water vapor content which was inferred from AERONET standard retrievals. All values were corrected to mean solar-earth distance. The measurements during the first part of the day before 13:00 are shown by orange (left panel) and red (right panel) dots aerosol radiation forcing effects (RFE) at the top (TOA) of the atmosphere. The RFE is determined following the equation:
where F net,a and Fn et,o are the net radiation at TOA with and without aerosols, respectively. Fig. 7 presents RFE at TOA and columnar aerosol characteristics (AOD at 500 nm, single scattering albedo (SSA at 675nm) and aerosol factor of asymmetry (ASYM at 675nm) for different sub-periods in clear sky conditions. The RFE is negative for all periods that provides a cooling effect. It varies from -18 Wm -2 during 11-16 April, 2018 to -4 Wm -2 during May 6-12, 2018 period due to a substantial decrease in AOD and the conditions with slightly absorbing aerosol (SSA is higher 0.8 for all cases). We also should mention that due to prevalence of smaller aerosol particles we have a smaller factor of asymmetry which can lead to additional cooling effect. Our previous studies we also demonstrated the decrease in surface temperature due to such kind of aerosol is about -0.1…-0.2 0 C .
Urban aerosol effects over Moscow domain area
We also analyzed, how the modelled urban PM concentrations contribute to the difference in AOD values on the example of Moscow and Zvenigorod (Moscow suburb, background conditions) sites. The Zvenigorod site is located 55 km to the west of Moscow in the upwind direction. This point was chosen since long-term AERONET measurements have been in operation there at the Zvenigorod Scientific Station of Institute of Atmospheric Physics RAS. The comparisons were made for 4 days (15/04, 3/05, 8/05 and 9/05) with different meteorological conditions, when we have large AOD statistics from measurements. Fig. 8 shows the difference in AOD550 and in PM concentrations between Moscow and Zvenigorod only due to urban aerosol generation for different meteorological regimes according to the COSMO-ART modelling. One can see that according to model results, we have a substantial increase in AOD550 up to 0.05 due to an urban component with an increase in urban PM. No dependence on IPD regimes is seen. The comparison of modelled and experimental data are presented in Fig. 9 , where the deltaAOD550 difference is shown between Moscow and Zvenigorod versus observed PM concentration in Moscow for different meteorological conditions. We clearly see the effects of stable IPD=1 regime on positive urban bias in the observed AOD550. In other IPD regimes, experimental data show both positive and negative differences in AOD550 due to variations in natural aerosol advection. According to modelled data, we see in all cases the increase in AOD in Moscow since we do not take into account natural aerosol in these experiments. In addition, we should mention that the level of modelled PM concentrations in Moscow is only of urban origin and, hence, is significantly lower than the observed ones.
The application of different emission inventories provides some differences in AOD550 simulations. We made the estimates for two days (8 and 9 of May, 2018), which have revealed that on May 8 th the old TNO2003-2007 inventory provided an overestimation of AOD550 difference between Moscow and Zvenigorod (deltaAOD550 mode l= 0.055 against deltaAOD550 observ =0.03), On average, the observed difference between Moscow and Zvenigorod delta AOD550 comprises 0.01 reaching 0.02 at IPD=1 for both the results of modelling and observations (Fig. 10) . A smaller range of changes in modelled delta AOD550 is observed since no natural variation of aerosol is taken into account in these numerical COSMO-ART experiments, when mainly urban component of the AOD was calculated with negligible contribution of biogenic aerosol (Fig.  10А) . The simulated BC concentration is in agreement with the observed concentration for urban background conditions over the MO MSU (Fig. 10B) . The modeled PM concentrations are much lower than the results obtained from observations since they do not account for natural aerosol components (Fig. 10C ). We should emphasize that similar results of about 0.02 for delta AOT500 were obtained in our previous direct comparisons between Moscow and Zvenigorod (Chubarova et al. 2011b ). However, in Berlin, much higher difference was obtained when deltaAOD= 0.08 (Li et al. 2018) according to MODIS (MYD04_3K and MYD11_A1) dataset, which might be explained by not full accounting for higher reflectance over the city in the MODIS algorithm. For Warsaw (Poland) conditions, despite much smaller size of the city, the difference is also about 0.02 according to ground based sun photometer measurements (Zawadzka et al. 2013) , possibly due to much higher emissions of SO 2 , which are negligible in Moscow. We should also mention that the level of anthropogenic emission in GEOGRAPHY, ENVIRONMENT, SUSTAINABILITY 04 (12) 2019
Fig. 9. The difference in AOD550 between Moscow and Zvenigorod (Moscow suburb) as a function of PM concentrations in Moscow for different meteorological IPD regimes according to the COSMO-ART modelling and experimental data
Moscow is getting lower during the last decade (Bityukova and Saulskaya, 2017) , that causes relatively small AOD increase over the city.
In order to analyze the distribution of urban aerosol over Moscow area, the charts with 7 km grid were made for different days over the whole Moscow district. As an example, Fig. 11 shows the urban aerosol spatial variation for April 15 th , 2018 for 10 h local time. One can see a pronounced high PM concentration over central Moscow with an aerosol plume towards North-East due to wind predominant direction shown in Fig. 11B . One can see much higher BC concentrations simulated along the highways and over the center of Moscow. The simulated urban AOD550 has also the maximum over the center of Moscow with some plumes over local southeastern and east areas due to aerosol effective generation over these areas.
DISCUSSION AND CONCLUSIONS
The AeroRadCity-2018 spring experiment, organized at the MO MSU and accompanied by COSMO-ART numerical experiments, Natalia E. Chubarova, Elizaveta E. Androsova et al. AEROSOL AND ITS RADIATIVE EFFECTS ...
Fig. 10. A box and whisker charts for AOD550(A), BC(B) and PM(C) aerosol characteristics according to measurements and modelling and their difference between Moscow (urban) and Zvenigorod (background conditions). Simulations were
made with TNO2010 inventory dataset Note. Distribution of data is shown in quartiles (interquartile range, IQR), highlighting the mean (sign "X") and outliers (circle signs). The lines extending vertically are error bars. The median (second quartile) is the horizontal line inside the box provided data which joint analysis helps in understanding the processes of aerosol pollution over Moscow megacity. With a large complex of measurements including surface and columnar aerosol characteristics as well as BC concentrations and radiative measurements in different spectral ranges, a detailed study of the observed variations in aerosol and their radiative feedback has been performed.
The analysis of the dependence between AOD500 and PM 10 has revealed the two types of relationships with a bifurcation point around PM10=0.04 mgm -3 . We showed that usually at high PM10 the elevated AOD500 values are observed due to both natural and urban aerosol, but at specific meteorological conditions (IPD=1) the increase in PM can be observed at very low AOD500 level due to conditions of very stable stratification and urban aerosol accumulation near the surface. The detailed analysis of AOD500 relationship with PM 10 concentrations revealed a positive statistically significant dependence for total and fine AOD500 mode (R 2 =0.4 in both cases) while no dependence is obtained for coarse mode aerosol. No statistically significant AOD dependence was obtained with BC concentration and BC/PM10 ratio.
However, high correlation was obtained between PM and BC concentrations according to both model and experimental data, which can be attributed to the important role of BC in PM formation. We also obtain a high correlation between modelled BC and SO 2 concentration, which was not confirmed by measurements with much lower observed SO 2 concentrations. The main source of SO 2 is coal fuel for power plants, which is not usually used in Moscow. Hence, this difference can be explained by the overestimation of TNO2010 inventory on SO 2 emissions in Moscow. A high correlation between BC and NO 2 concentrations demonstrated similar sources of emissions from diesel fuel in motor vehicle transport.
The analysis of radiative effects of aerosol has revealed up to 30% loss for UV irradiance and 15% for shortwave irradiance at high AOD500 in Moscow. However, this strong attenuation, especially for UV irradiance, was not reproduced by RT modelling. We show that situations with strong attenuation relate to the daytime sample, which can be explained by additional effects of more effective afternoon convection at higher level affecting solar irradiance due to increasing absorption. However, the revealed dependence should be studied more on larger statistics at different meteorological conditions. We also obtained a negative radiative forcing effect at TOA for clear sky conditions which lead to the cooling of the atmosphere and earth surface. The significant decrease in its absolute values from -18 Wm -2 to -4 Wm -2 is explained by the decrease in AOD500 and, to some extent, by aerosol factor of asymmetry due to decrease in aerosol particle size.
On average, the modelled and observed difference in AOD550 during the period of experiment was about 0.01, but in some days deltaAOD550 may increase up to 0.05. We have shown that the generation of urban aerosol is more favorable in conditions with IPD=1, when from both measurements and modelling we obtained deltaAOD550 of about 0.02. The modelled BC concentrations were in agreement with the observed data, however, the PM concentrations were much lower due to not accounting for natural aerosol contribution.
